Lethal and non-lethal responses of spermatozoa from a wide variety of vertebrates and invertebrates to lysenin, a protein from the coelomic fluid of the earthworm Eisenia foetida.
Lysenin, a novel protein that we isolated from the coelomic fluid of the earthworm Eisenia foetida, binds specifically to sphingomyelin (SM) among various phospholipids found in cell membranes, and causes cytolysis. The plasma membrane of mammalian spermatozoa is known to contain SM at relatively high levels and we therefore examined the effects of lysenin on the spermatozoa of various animals. Lysenin had lethal effects on spermatozoa of 5 of 33 species of invertebrates tested and on spermatozoa of 30 of 39 species of vertebrates. We postulated that plasma membranes of the spermatozoa of most invertebrates might not contain SM whereas those of most vertebrate species might contain SM. These possibilities were supported by our failure to detect SM chemically in the testes of three species of invertebrates, in none of which spermatozoa responded to lysenin. In contrast, we detected SM in the testes of all 25 vertebrate species examined, irrespective of a negative or positive response of spermatozoa to lysenin. None of the six species of Protista examined was affected by lysenin. Our survey suggests that, in general, the spermatozoa of animals can be grouped into two categories, invertebrate and vertebrate, depending on the absence or presence of SM in their plasma membrane. The incorporation of SM into spermatozoa seems first to have occurred in protochordates during the course of evolution. Discussions about the exceptional responses to lysenin observed in the spermatozoa of five species of invertebrates and of nine species of vertebrates are made from phylogenetic and reproductive viewpoints. J. Exp. Zool. 286:538-549, 2000.